The p53 mutation has been found only in 0-6% of cervical carcinomas. In light of recent studies demonstrating that mutation of p53 gene was found in over 20% of the patients with vulvar carcinoma, a disease of elderly women and a known human papillomavirus (HPV)-related malignancy, we analysed mutation of the p53 gene in 46 women with cervical carcinomas at the age of 60 or more (mean; 71 years, range; 60-96 years). The presence of HPV and its type were analysed by polymerase chain reaction (PCR)-based assay using the consensus primers for L1 region. Mutation of the p53 gene was analysed by PCR-based single-strand conformation polymorphism and DNA sequencing technique. Point mutation of the p53 gene was detected in 5 out of 46 (11%) cervical carcinomas: 1 of 17 (6%) samples associated with high-risk HPVs (HPV 16 and HPV 18) and 4 of 27 samples (15%) with intermediate-risk HPVs (P = 0.36) whereas no mutation was found in 2 HPV negative cases. The mutated residues resided in the selective sequence known as a DNA-binding domain. The immunohistochemistry revealed the overexpression in cancer tissues positive for p53 mutation. All of the observed mutations of the p53 gene were transition type, suggesting that the mutation may be caused by endogenous mutagenesis. Although falling short of statistical significance reduces the strength of the conclusion, data presented here imply that p53 gene mutation, particularly along with intermediaterisk HPV types, may constitute one pathogenetic factor in cervical carcinoma affecting elderly women.
Cervical carcinoma is a major gynaecological malignancy and human papillomavirus (HPV) has been suggested to be involved in the aetiology of this carcinoma. HPV types, such as type 16, 18, 31, 33, 35, 39, 45, 51, 52, 56 and 58 , have been found in cervical carcinoma (Yoshikawa et al, 1991; Lorincz et al, 1992) . These cervical carcinoma-associated HPVs encode two viral oncogenes, E6 and E7. The coordinated expression of E6 and E7 has been shown to transform rodent cells and immortalize primary human keratinocytes (Kanda et al, 1988; Munger et al, 1989a) . The E6 and E7 proteins of high-risk HPVs have been demonstrated to be able to associate with the products of p53 and retinoblastoma susceptibility (Rb) genes, respectively, and inactivate the functions of these tumour suppressor proteins (Munger et al, 1989b; Werness et al, 1990) . The E6 protein exerts rapid degradation of p53, in corporation with E6-associated protein (E6-AP), via ubiquitin-mediated proteolysis pathway (Scheffner et al, 1990; Huibregtse et al, 1993) . The E7 protein mediates the release of the E2F transcription factor from pRbÐE2F complex (Nevins, 1992) . Mutational analysis of HPV 16 E6 protein revealed that a certain level of the activity to degrade p53 is required for E6 to manifest its transforming function (Nakagawa et al, 1995) .
The p53 mutations are the most frequent genetic abnormalities found in a wide variety of human malignant tumours (Harris, 1993) . Once DNA damage occurs, p53 protein is induced and arrests cells in the G1 phase to enhance DNA repair (Kuerbitz et al, 1992) , or triggers apoptosis following DNA damage (Lowe et al, 1993) . These functions of p53 protein are important to maintain the genomic integrity. Mutant p53 protein are devoid of these functions, because they lose the ability of DNA contact or destabilize the structure of the core domain (Cho et al, 1994) . In this way, once p53 is mutated, DNA damage is fixed and subsequent genetic rearrangement progress which may be putative mechanisms to initiate cancer. Thus far, exceptionally low prevalence (0Ð6%) of the p53 mutations have been documented in cervical carcinomas (Fujita et al, 1992; Choo and Chong, 1993; Helland et al, 1993; Paquette et al, 1993; Miwa et al, 1995) . The p53 protein in cervical carcinoma is thought to be inactivated presumably due to complex formation with HPV E6 oncoprotein. Although Crook et al initially postulated that p53 mutations were confined to the HPVnegative cervical carcinomas (Crook et al, 1991; Crook and Vousden, 1992) , several recent studies implicated that p53 mutation was a very rare event and the occurrence was not strictly correlated with HPV status in primary cervical carcinomas (Fujita et al, 1992; Choo and Chong, 1993; Helland et al, 1993; Paquette et al, 1993; Miwa et al, 1995) . It has been also shown that p53 mutants identified in the HPV-positive anogenital cancers exhibit increased resistance to HPV E6-directed degradation, suggesting that mutation of p53 may play a role in the progression of the HPV-positive cervical cancer (Crook and Vousden, 1992) .
Recently, p53 mutation frequency in vulvar carcinomas is reported to be much higher compared with cervical carcinoma by 24%, (Lee et al, 1994) , 53% (Milde-Langosch et al, 1995) and Elderly Japanese women with cervical carcinoma show higher proportions of both intermediate-risk human papillomavirus types and p53 mutations 53% (Kagie et al, 1997) . Vulvar cancer generally occurs in women over ten years older than women with cervical cancer, with a peak incidence between 65 and 75 years old (Langosch et al, 1995) . The incidence of high-risk HPVs, such as types 16 and 18, is lower in vulvar cancers than in cervical cancers (Nagano et al, 1996) , the finding suggesting that mutation of p53 together with HPV may be involved in the carcinogenesis of the vulva.
In our previous study, the incidence of high-risk HPV as compared to that of intermediate-risk HPV in cervical cancer showed that intermediate-risk HPV occurrence was higher in patients 60 years old or older (Nakagawa et al, 1996) . Taken together with data observed in vulvar cancer, we hypothesized that p53 mutation might be involved in the carcinogenesis of cervical cancer in older patients. To address this, we examined HPV infection and the mutation of p53 gene in 46 primary cervical carcinomas in women 60 years old or older. 
MATERIALS AND METHODS

Patients
Detection and typing of HPV
The tissue specimens diagnosed histologically as cervical cancer were frozen at Ð80°C immediately after excision and stored until the assay for detection of HPV. The cellular DNA was extracted by standard sodium dodecyl sulphate (SDS)-proteinase K procedure. Polymerase chain reaction (PCR) for the L1 region was done by a partly modified method previously described by Yoshikawa et al (1991) . We used the consensus L1 primers L1C1 (5′-CGTAAACGTTTTCCCTATTTTTTT-3′) (1 µM), L1C2 (5′-TACCCTAAATACTCTGTATTG-3′) (0.5 µM) and L1C2M (5′-TACCCTAAATACCCTATATTG-3′) (0.5 µM) for the PCR. Other conditions of PCR were described elsewhere by Yoshikawa et al. Briefly, the PCR protocol was 40 cycles, and each cycle consisted of 1.5 min denaturation (95°C), 1.5 min annealing (48°C) and 2 min extension (70°C). One-tenth of the reaction was electrophoresed on 4% agarose gel and stained with ethidium bromide. HPV types were identified on the basis of the restriction fragment length polymorphisms (RELP). The initial typing of amplified HPV DNA fragments was performed by digestion with DdeI and RsaI, and then confirmed by digestion with at least three enzymes selected from AccI, AluI, BstXI, FokI, HaeIII, HinfI, KpnI, MaeI, MaeIII, PstI and XbaI. The PCR-based assay (L1-PCR) can type at least 26 registered genital HPVs including types 6, 11, 16, 18, 30, 31, 33, 34, 35, 39, 42, 43, 44, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 66 , 68 and 70, as described previously. This PCR system can detect 0.01 pg of all these types of HPV DNA, except for HPV type 34, 42 and 55 DNAs, in 0.1 µg of the cellular DNA. We used β-actin gene amplification as control in order to rule out false negative results for samples in which HPV DNA was not detected.
We classified these HPVs into high-risk HPVs (types 16 and 18) and intermediate-risk HPVs (other cervical cancer-associated types) basically based on LorinczÕs classification (Lorincz et al, 1992) . HPV type 68, which was identified later, was regarded as a member of intermediate-risk HPV.
PCR-SSCP and sequence analysis of p53 gene
The p53 protein has a transactivation domain at its N-terminal, a sequence-specific DNA-binding domain at its central region, and a tetramerization domain at its C-terminal. The majority of the missense mutations occur in the central DNA-binding domain, especially in the conserved regions across species, that are exon 5Ð8 (Cho et al, 1994) . Mutation of the p53 gene in exon 5Ð8 was analysed by PCR-based single-strand conformation polymorphism (SSCP) and DNA sequencing technique (Naito et al, 1992) .
The primers used in this study to amplify the p53 gene PCR were as follows: exon 5 Ð sense primer:
5′-TGTTCACTTGTGCCCTGACT-3′ antisense primer: 5′-CAGCCCTGTCGTCTCTCCAG-3′ exon 6 Ð sense primer:
5′-GCCTCTGATTCCTCACTGAT-3′ antisense primer: 5′-TTAACCCCTCCTCCCAGAGA-3′ exon 7 Ð sense primer:
5′-ACTGGCCTCATCTTGGGCCT-3′ antisense primer: 5′-TGTGCAGGGTGGCAAGTGGC-3′ axon 8 Ð sense primer:
5′-TAAATGGGACAGGTAGGACC-3′ antisense primer; 5′-TCCACCGCTTCTTGTCCTGC-3′ First, PCR protocol was 35 cycles, and each cycle consisted of 30 s denaturation (94°C), 30 s annealing (60°C) and 30 s extension (72°C) for exon 5 and exon 7. For exon 6 and exon 8, annealing temperature was changed to 55°C; other conditions were the same as for the protocol for the amplification of the exon 5 and exon 7. The first PCR contained the template DNA (0.2 µg), primers (0.1 µM), and Taq-polymerase (1-unit, Boehringer Mannheim). PCR buffer supplied by the manufacturer was used. The second PCR contained the product of the first PCR (1 µl), α-32p dCTP (0.5 µl) and Taq-polymerase (0.5-unit). Second PCR protocol was 10Ð15 cycles, and each cycle consisted of 30 s denaturation (94°C), 30 s annealing (62°C) and 60 s extension (72°C) for exon 5 and exon 7. For exon 6 and exon 8, only the annealing temperature was changed to 55°C. The second PCR product was mixed with loading dye (95% formamide, 0.05% bromophenol blue, 0.05% xylene cyanol, 20 mM EDTA), and heat denatured at 80°C for 10 min. Two µl of the PCR product with loading dye was loaded onto 5% polyacrylamide gel containing 5% glycerol, and electrophoresed at a constant voltage of 35 W at 25°C for 3 h. The gel was dried with vacuum, and autoradiographed for 1Ð2 days at room temperature.
The first PCR product of the case which showed the mobility shift by the PCRÐSSCP method was subcloned to the T-vector (Invitrogen). The sequence of the cloned plasmid was determined with dye terminator method by the model 373A of Applied Biosystems as recommended by the manufacturer, or the sequence of the PCR products was directly determined by using the Taq dye deoxy terminator cycle sequencing method (Figure 2 ). We used DNA extracted from normal cervical tissue with normal p53 and a tissue specimen of colon adenocarcinoma with p53 mutation as negative and positive controls, respectively.
Immunohistochemistry of p53
Overexpression of p53 was analysed by immunohistochemistry (van Ravenswaay Classen et al, 1992) . Sections of 5 µm were cut from paraffin-embedded tissues and dewaxed in xylene.
Endogeneous peroxidase was blocked in 0.3% H 2 O 2 methanol. Non-specific binding was blocked with the serum-free protein (CSA system, DAKO, Japan). Tissue sections were incubated for 15 min at room temperature with the anti-human p53 monoclonal antibody DO-7 (DAKO, Japan) diluted 1:100 in phosphate buffered saline (PBS), and then the secondary antibody, biotinylated rabbit antimouse immunoglobulin, in the humiliated chamber. After incubation with the streptavidinÐbiotinÐperoxidase complex, the nuclei were visualized with diaminoÐbenzidine. The nuclei was counterstained with Mayer haematoxylin. We used normal cervical tissue with normal p53 and a tissue specimen of colon adenocarcinoma with p53 mutation and a high expression of p53 as negative and positive controls, respectively. 
Statistical analysis
The statistical methods used in this study were χ 2 method and ANOVA approach. All statistical analyses were done with StatView 4.11.
RESULTS
HPV types detected in cervical carcinoma in women 60 years old or older
HPV DNA was detected in 44 out of 46 (96%) cervical cancer specimens. HPV type 16 was the most frequently found HPV type (15 cases), followed by type 52 (11 cases) and type 58 (eight cases) (Table 1) . HPV type 18, the second most common HPV type in cervical cancer (Yoshikawa et al, 1991; Lorincz et al, 1992) (Yoshikawa et al, 1991; Lorincz et al, 1992) .
PCR-SSCP and sequence analysis of p53 gene
The PCRÐSSCP analysis revealed the abnormal mobility shifts of p53 gene in five of 46 (11%) cases: two cases in the exon 5, one case in the exon 6 and two cases in the exon 7 (Figure 1 , Table 1 ).
The subsequent nucleotide sequencing analysis revealed a missense mutation in the five cases, except one case which contained a silent mutation and a missense at the different codons (Figure 2 ). The six-point mutations of the p53 gene were detected in five HPV-positive cases: one for HPV 16, two HPV for 52, and two for HPV 58. No mutations of the p53 gene were detected in two HPV-negative cases. Mutations of the p53 gene revealed by sequence analysis were as follows: an AACÐAAT transition in codon 131, an ATGÐATA transition in codon 133, a CGCÐTGC transition in codon 181, a GCCÐGTC transition in codon 189, two CGGÐCAG transitions in codon 248. An AACÐAAT transition in codon 131 and an ATGÐATA transition in codon 133 were detected in one case (Figure 2 ). The histology of the five cases with p53 mutation was squamous cell carcinoma and we could not detect any p53 mutation in five cases with adenocarcinoma. There were no significant differences in patient age, clinical stage and lymph node metastasis between the cases with and without p53 mutation (Table 1 ). The p53 mutation was more frequently observed in samples with intermediate-risk HPVs (four of 27 samples [15%]) than those with high-risk HPVs (one of 17 samples [6%]), though statistically not significant (P = 0.36). 
Immunohistochemical analysis of p53
The stability of p53 mutants identified in this study was analysed by the immunohistochemical staining with p53 monoclonal antibody. Strong positive nuclear staining for p53 was observed in all the five carcinoma tissues with p53 mutation, whereas only weak or negative staining was observed in seven carcinoma tissues with normal p53 (Figure 3) .
DISCUSSION
In the present study, HPV DNA was found in cervical carcinoma in 44 out of 46 (96%) elderly women. The higher detection rate of the HPV DNA suggested that HPV infection plays a key role in the carcinogenesis of cervical carcinoma even in elderly women. Most studies to date documented that the detection rate of the HPV type 16 and type 18 has been reported to be approximately 60%, whereas the intermediate-risk HPV types are thought to be minor HPV types in cervical carcinoma (Snijders et al, 1990; Lorincz et al, 1992) . We have documented that the incidences of the high-and intermediate-risk HPVs reported by PCR-based detection in cervical cancers from Japanese women of all ages were 69% and 27%, respectively (Yoshikawa et al, 1991) . These findings are consistent with data by other Japanese investigators who reported that the incidences of the high-and intermediate-risk HPVs were 62% and 21%, respectively (Fujinaga et al, 1991) . In this regard, it seems that the incidence of high-risk HPVs (37%) observed in elderly women is lower and that of intermediate-risk HPVs (59%) is higher compared with those found in young or middle-aged women. Observed higher incidence of intermediate-risk HPVs in elderly women may give rise to the assumption that the duration from primary HPV infection to the clinical manifestation of cervical cancer might be longer in intermediate-risk HPVs associated carcinogenesis.
Point mutation of the p53 gene was detected in five out of 46 (11%) primary cervical carcinomas of elderly age: one of 17 samples (6%) positive for high-risk HPV type and four of 27 samples (15%) positive for intermediate-risk HPV type. The p53 mutation frequency in primary cervical carcinomas has been reported to be 0Ð6% (Fujita et al, 1992; Choo and Chong, 1993; Helland et al, 1993; Paquette et al, 1993; Miwa et al, 1995) . The p53 mutation rate in this study was relatively higher compared with the previously reported data. It appears probable that the higher incidence of p53 mutation is a feature of cervical cancer in elderly women. Interestingly, all p53 mutations were detected in HPV-positive cases. Among the five cases with p53 mutation, four cases were positive for intermediate-risk HPV (two HPV52-positive and two HPV58-positive), suggesting that p53 mutation is more frequently associated with intermediate-risk HPVs than with high-risk HPVs. Because the transforming activity of these intermediate-risk HPVs is thought to be lower than that of the high-risk HPVs (Storey et al, 1988) and p53 inactivation activity of E6 proteins of intermediate-risk HPVs is less efficient than that of high-risk HPVs (Lechmer and Laimins, 1994) , it is conceivable that mutation of the p53 gene has an auxiliary effect in carcinogenesis on the intermediate-risk HPV infected cells.
Mutations of the p53 gene in this study were detected in codons 131, 133, 181, 189 and 248 (Table 1 ). The p53 mutation in codons 131 and 133 was detected in one case and that in codon 248 in two cases. In four out of five cases with p53 mutation, the mutation was detected in conserved regions II (codons 117Ð142), III (codons 171Ð181) and IV (codons 234Ð258). All five mutated codons detected in this study are thought to be important for direct and indirect DNA binding. Codons 131 and 133 reside in the loopÐsheetÐhelix motif (codons 112Ð141, 271Ð274, 278Ð286) and codon 248 resides in the L3 loop (codons 236Ð251). Codon 181 and codon 189 reside in the second large L2 loop (codons 163Ð195). Most hotspots for mutation occur in the loopÐsheetÐhelix motif and the large L3 loop, both of which interact directly with DNA, and in the second large L2 loop, which is involved in an extensive interaction with the L3 loop (Cho et al, 1994) . In particular, codon 248 is one of the mutation hotspots and 9.6% of p53 mutations involve this residue (Cho et al, 1994) . The elimination of DNA binding activity of the mutated p53 may lead to the loss of its tumour-suppressive function.
Immunohistochemical staining analysis revealed the stable overexpression of mutant p53 in the HPV-positive cervical carcinoma with mutated p53 gene. We confirmed the HPV E6 expression in cancer tissues positive for intermediate-risk HPV as well as high-risk HPV with simple and sensitive detection of E6 and E7 expression using consensus primer-mediated RT-PCR (data not shown). The mutant p53 identified in the HPV-positive cervical carcinoma seems to be resistant to E6-directed degradation in vivo, in keeping with the previous in vitro analysis (Crook and Vousden, 1992) . There are several studies reporting that mutant p53 has an oncoprotein-like function (Dittmer et al, 1993) . Therefore, the mutated p53 identified in this study may have a supportive role in the carcinogenesis of cervical cancer in concert with HPV.
All p53 mutations identified in this study were classified into the transition type, which occurs frequently in endogenous mutagenesis, whereas the transversion type tends to occur by environmental carcinogen (Harris, 1993) . It is, therefore, suggested that the p53 gene mutation in the cervical carcinomas in elderly women may be caused by endogenous mutagenesis.
In summary, the present study supports the contention that a relatively higher incidence of intermediate-risk HPV infection and its coupling with p53 gene mutation in cervical cancer affecting elderly women, thus implicating intermediate-risk HPV in combination with p53 mutation, may constitute one pathogenetic factor in cervical cancer developed in elderly women. Because this study has a limited capacity to allow a firm conclusion, further studies on the link between p53 mutation and less potent oncogenic HPV types are warranted.
